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 Computing additive contributions and other issues for 
chain-linked quarterly aggregates  
 
Abstract 
Since 2007, the French Quarterly National Accounts use a chain-linking method to measure 
volumes in replacement of volumes in constant prices of the reference year. This paper 
gathers 7 years of experience of the Quarterly National Accounts unit on this particular topic. 
We first recall the annual overlap method used in France in comparison with the one quarter 
overlap method sometimes preferred in other countries. Based on numerical simulations, we 
show the distribution of two well-known effects: trend effects when elemental prices have 
different dynamics and non-additivity. In particular, the variance of these effects increases 
away from the reference year. 
We also expose two new reasons to prefer the annual overlap method to the one quarter 
overlap: first, additive contributions to growth can be computed; second, unpleasant 
interactions with seasonal and trading day adjustment can be avoided. 
Keywords: chain-linking, annual overlap, one quarter overlap, contribution to growth, 
seasonal and trading day adjustment 
 
Calcul de contributions additives et autres difficultés des 
comptes trimestriels en volumes chainés 
 
Résumé 
Depuis 2007, les comptes trimestriels français utilisent des volumes chainés en 
remplacement des volumes à prix constants de l’année de base. Ce document compile 7 
années d’expérience de la division des comptes trimestriels sur ce sujet. 
Nous présentons la méthode de recouvrement annuel utilisée en France en la comparant à 
la méthode de recouvrement trimestriel parfois préférée dans d’autres pays. Sur la base de 
simulations numériques, nous illustrons deux propriétés des volumes chainés : l’effet 
tendanciel lorsque les prix des composants d’un agrégat ont des dynamiques divergentes et 
la non-additivité. Notamment nous montrons que la variance de ces effets croît lorsqu’on 
s’écarte de l’année de base. 
Nous détaillons également deux nouvelles raisons de préférer la méthode de recouvrement 
annuel au recouvrement trimestriel : tout d’abord il est possible de calculer précisément la 
contribution d’un composant à la croissance d’un agrégat ; ensuite des interactions 
indésirables avec la correction des variations saisonnières et des jours ouvrés peuvent être 
évitées. 
Mots-clés : volumes chainés, annual overlap, one quarter overlap, contribution à la 
croissance, correction saisonnière et des jours ouvrés  
Classification JEL : C43, C82, E01 
1 Introdution
One of the major objetives of the national aounts is to desribe the hanges
in the major eonomi aggregates, in partiular after anelling out the ef-
fets of prie variation, to analyse in volumes the growth of domesti output,
onsumption, et. These volumes give a learer idea of quantity exhanged
or produed. However, simply adding up the quantities of elementary om-
ponents involved is irrelevant: the quantity of ars is not diretly omparable
with the quantity of biyles. These quantities need to be made ommensu-
rate. Calulating the volume of an aggregate requires to weight the volumes
of its omponents through pries. The hoie of a referene period, whih
will determine this struture of the pries, is thus of ruial importane.
There are two available options:
• alulating volumes using onstant pries derived from the referene
year;
• alulating volumes of eah year using the pries observed in the previ-
ous year and then hain-linking. The idea behind these hained-linked
volumes is to umulate the growth rates in volumes starting from the
values established for a given referene year. Doing so the evolutions
of volumes at previous year's pries are preserved, and the hain-linked
volume aounts form time series without breaks in the struture of
pries every year.
The relative weight of eah omponent in an aggregate in volume depends
on the pries of a partiular weight period. These pries an be markedly mod-
ied with time. Estimating hained volumes based on previous year's pries
thus oers the dual advantage of providing data suitable for onstruting
time series and also aounting for any hange in the relative prie struture:
simply put, they provide a more satisfatory desription of the eonomi re-
ality when the pries of some produts evolve very dierently than others.
However, these hained volumes do pose spei problems. They an
prove misleading when pries tend to osillate rather than evolve following
a oherent trend. This may be the ase, for example, with agriultural and
energy pries [Berthier, 2002℄. Furthermore, these volumes lose their addi-
tivity with regard to volumes alulated more simply at onstant pries of
the referene year.
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Faed with these omplex problems, until 2007, the Frenh quarterly a-
ounts used volumes alulated at onstant pries of the referene year. In
Frane, the dierene between hain-linked volumes and the volumes ob-
tained by using onstant pries of the referene year was relatively minor.
However, European harmonisation, and the inreasing disparity observed
between the hained volumes and volumes in referene year pries for some
produt-operation pairs, led to a methodologial hange: sine 2007 the
Frenh quarterly aounts are published in hain-linked volumes at the pre-
vious year's pries, using the annual overlap method.
With the one quarter overlap method, the annual overlap method is one
of the most widespread tehnique to hain-link the QNA (see Table 2 in
appendix). For both tehniques we reall the algebra (setion 2). The for-
mulae theoretially show that QNA in annual overlap exatly oinide with
the orresponding annual aounts but there is a residual prie eet every
rst quarter. With the one quarter overlap method the opposite is true: the
prie eet every rst quarter is ontrolled for but onsisteny with annual
hained volumes must be restored through benhmarking.
We display on a simulation exerise (setion 3) the ommon features of
these hain-linking tehniques: both produe non additive volumes and a
trend eet appears when pries of omponent have diverging dynamis.
Simulated varianes of these two eets inreases away from the referene
year and an be sizeable on both ends of time series. These simulations al-
low us to ompare the two tehniques and analyse the eet of benhmarking
on the one quarter overlap.
With respet to its one quarter overlap alternative, the annual overlap
method has two advantages that, to the best of our knowledge have not been
put forth until now in the literature on hain-linking.
First in setion 4 we show how hain-linking an interat, with some un-
pleasant outome, with trading day or seasonal adjustment. With the annual
overlap, whih uses an annual link fator, it is possible to avoid these issues.
With the one quarter overlap, whih uses a quarterly hain-link fator, these
issues an not be irumvented. The one quarter overlap hene raises addi-
tional issues of revisability, preision and quality.
Seond, in the ase of the annual overlap method, additive ontributions
to the growth rate of an aggregate an be omputed (setion 5). The lak of
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additivity makes drawing up and publishing the aounts a omplex opera-
tion as some aggregates are unsuitable for hain-linking. Computing additive
ontributions of a omponent to the growth rate of an aggregate overomes
this diulty. But, for one quarter overlap volumes, these ontributions are
only approximative, whih does not allow to aurately ompute the ontri-
bution of the trade balane to GDP growth for instane.
2 Computing hain-linked estimates
In this setion we reall the algebra for hain-linking, rst in the ase of an-
nual aounts, then for quarterly aounts in annual overlap and one quarter
overlap.
2.1 Volume indexes in annual aounts
For sake of larity, we introdue onepts of volume with elementary goods
or servies, for whih there exists a prie and an be measured a quantity
(e.g. potatoes, books, hairuts...). Let X denote an aggregate, p a prie,
q a quantity. Hereafter a shall refer to a generi year while 0 refers to the
referene year. Later on, a, t refers to quarter t ∈ [1, 2, 3, 4] of year a.
Let V al refer to values (i.e. urrent pries). We denote volumes as follows:
• Volumes at onstant pries of the referene year (Cst): XCsta = p0qa
• Chain-linked volumes at previous year's pries (Ch): XCha = I
V ol
a X
Ch
a−1,
where IV ola =
X
Pyp
a
XV ala−1
is the growth rate index of volumes at previous
year's pries and volumes at previous year's pries (Pyp) are dened
by XPypa = pa−1qa
Volumes at previous year's pries an not be treated as standard time series
sine there is a hange of pries and volumes every period. Chain-linking
overomes this diulty by haining the growth rates measured at previous
year's pries.
Elementally, volumes oinide:
IV olCsta =
XCsta
XCsta−1
=
qa
qa−1
=
XPypa
XV ala−1
= IV olCha
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Imposing the referene year at urrent pries as the referene for all volumes,
we have:
XCsta = X
Cst
0
a∏
k=1
IV olCstk = X
Ch
0
a∏
k=1
IV olChk = X
V al
0
a∏
k=1
IV olk
that is hained-linked volumes and volumes at onstant pries are equal.
Individual produts hardly exist (potatoes ome in dierent varieties,
hairuts dier from one hairdresser to another...) and suh a data olletion
would be impossible. In pratie, National Aounts work on detailed levels
whih are already aggregates of goods or servies but the previous onepts
an be generalized to aggregates measured at urrent pries and trends in
average pries measured by prie indexes. One simply has to hoose the
most detailed levels he is willing to work on and dene volumes as the ratio
of values with the orresponding prie index. By onstrution, there is no
ambiguity of volume onept at this level, and the issue of measuring quan-
tities is then overome.
On aggregate, volume growth indexes dier due to their weights...
Let E denote an aggregate and i its omponents. The growth index in volumes
at onstant prie of an aggregate is a weighted sum of the growth indexes
of the omponents, with weights at onstant prie volumes (hereafter the
weight of i in E for year a in the onept V is denoted ωVa (i, E)).
IV olCsta (E) =
∑
i∈E X
Cst
a (i)∑
i∈E X
Cst
a−1(i)
=
∑
i∈E
XCsta−1(i)
XCsta−1(E)
IV ola (i) =
∑
i∈E
ωCsta−1(i, E)I
V ol
a (i)
The growth index in volumes at previous year's pries on aggregate is a
weighted sum of the growth indexes of the omponents, with weights at
urrent pries for the previous period.
IV olCha (E) =
∑
i∈E X
Pyp
a (i)∑
i∈E X
V al
a−1(i)
=
∑
i∈E
XV ala−1(i)
XV ala−1(E)
IV ola (i) =
∑
i∈E
ωV ala−1(i, E)I
V ol
a (i)
...and volumes in level no longer oinide
XCha = X
Ch
0
a∏
k=1
IV olChk 6= X
Cst
0
a∏
k=1
IV olCstk = X
Cst
a
6
Chain-linked volumes at the previous year's pries are also initialized XCh0 =
XV al0 . Sine X
Cst
0 = X
V al
0 as well, Ch and Cst only dier by the struture
of weights in their respetive growth index. In Ch weights evolve with time
aording to both volume and prie hanges. For this reasons, in omparison
with Cst, Ch are said to better aount for the hange in the struture of
the eonomy.
2.2 Volumes in quarterly aounts
Current pries, onstant pries and previous year's pries an be general-
ized to higher frequenies (quarterly or monthly). However, there are several
hain-linking tehniques. We do not treat in this doument the ases for over
the quarter overlap and over the year overlap beause these tehniques are
seldom used and not reommended ([Eurostat, 2013℄, [Bloem et al., 2001℄).
We onsider the two ases of annual overlap and one quarter overlap whih
are most ommonly used (see Table 2). Contrary to the former two teh-
niques, these two ases yield aggregates whih are additive within a year.
2.2.1 The annual overlap method XCh
To ompute quarterly aggregates in annual overlap (hereafter denoted XCh),
one shall:
1. Compute quarterly volumes at previous year's pries for elementary
omponents: X
Pyp
a,t (i) = X
Cst
a,t (i)
XV ala−1(i)
XCsta−1(i)
2. Then by sum, ompute all aggregates at previous year's priesX
Pyp
a,t (E) =∑
i∈E X
Pyp
a,t (i)
3. For eah aggregate, hain-link from the referene year (for whih Val=Cst=Ch,
urrently 2010 for Frane):
XCha,t = X
Pyp
a,t
XCha−1
XV ala−1
=
X
Pyp
a,t
X
DefCh
a−1
(1)
with XDefCha the annual hained deator, also alled annual link fator. Note
that the link fator is based on annual aounts so that in partiular seasonal
7
adjustment has no eet on hain-linking.
1
Comparison with annual omputations shows that previous year prie
estimates an be summed to retrieve their annual ounterpart: XPypa =∑4
t=1 X
Pyp
a,t . It diretly follows that hain-linked estimates an also be summed
to retrieve their annual ounterpart: XCha =
∑4
t=1 X
Ch
a,t .
Change of year eet
Between Q4 and Q1, the transition from volumes at previous year's pries
to hain-linked volumes entails a prie orretion to the hain-linked volume
growth rate orresponding to the growth of the annual link fator:
XCha,1
XCha−1,4
=
X
Pyp
a,1
X
Pyp
a−1,4
XCha−1
XV ala−1
XV ala−2
XCha−2
=
X
Pyp
a,1
X
Pyp
a−1,4
X
Pyp
a−1
XV ala−1
XV ala−2
XV ala−2
sine
XCha−1
XCha−2
=
X
Pyp
a−1
XV ala−2
=
X
Pyp
a,1
X
Pyp
a−1,4
1
I
DefCh
a−1
with IDefCha =
XV ala
X
Pyp
a
= X
DefCh
a
X
DefCh
a−1
the annual deator. This prie orretion
eliminates the hange in pries every year inorporated in previous year's
pries estimates. However, in this prie orretion, there is a weighting eet:
XCha,1 (E)
XCha−1,4(E)
=
X
Pyp
a,1 (E)
X
Pyp
a−1,4(E)
X
Pyp
a−1 (E)
XV ala−1(E)
=
∑
i∈E X
Pyp
a,1 (i)∑
i∈E X
Pyp
a−1,4(i)
∑
i∈E X
Pyp
a−1 (i)∑
i∈E X
V al
a−1(i)
=
∑
i∈E ω
V al
a−1(i, E)
X
Pyp
a,1 (i)
XV ala−1(i)∑
i∈E ω
Pyp
a−1(i, E)
X
Pyp
a−1,4(i)
X
Pyp
a−1 (i)
One part of the growth rate of the rst quarter is therefore due to the dier-
ene in weights between Q1 and Q4. This issue is spei to the rst quarters
sine for the following quarters, the weights are idential.
1
Provided that seasonally adjusted aounts are benhmarked on their non-adjusted
ounterparts as reommended by international standards [Eurostat, 2013℄.
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2.2.2 The one quarter overlap method X˜Ch
One may want to have no ponderation eet in the prie orretion between
Q4 and Q1. This is the purpose of the one quarter overlap method (hereafter
denoted X˜Ch).
To do so, one simply has to redene the annual link fator. The new link
fator is another annual hained prie deator using Q4 ponderation at pre-
vious year's pries (X˜DefCha ).
Its growth diers from that of the previous link fator as follows:
I˜DefCha =
∑
i∈E
ω
Pyp
a,4 (i, E)
XV ala (i)
X
Pyp
a (i)
(2)
instead of IDefCha =
XV ala
X
Pyp
a
=
∑
i∈E
ωPypa (i, E)
XV ala (i)
X
Pyp
a (i)
One an then ompute the hain-linked volumes identially using X˜DefCha
instead of XDefCha . The hain-linking formula (1) beomes:
X˜Cha,t =
X
Pyp
a,t
X˜
DefCh
a−1
(3)
Proof that this orretion is orret
X˜Cha,1 (E)
X˜Cha−1,4(E)
=
X
Pyp
a,1 (E)
X
Pyp
a−1,4(E)
1
I˜
DefCh
a−1 (E)
=
∑
i∈E X
Pyp
a,1 (i)
X
Pyp
a−1,4(E)
∑
i∈E ω
Pyp
a−1,4(i, E)
XV ala−1(i)
X
Pyp
a−1 (i)
=
∑
i∈E X
Pyp
a,1 (i)∑
i∈E X
Pyp
a−1,4(i)
XV ala−1(i)
X
Pyp
a−1 (i)
=
∑
i∈E X
Pyp
a,1 (i)∑
i∈E X
V al
a−1(i)
X
Pyp
a−1,4(i)
X
Pyp
a−1 (i)
=
∑
i∈E ω
V al
a−1(i, E)
X
Pyp
a,1 (i)
XV ala−1(i)∑
i∈E ω
V al
a−1(i, E)
X
Pyp
a−1,4(i)
X
Pyp
a−1 (i)

Contrary to the annual overlap method, with the one quarter overlap
method, the sum of the four quarters do not math the annual estimate of
hain-linked volumes beause the link fator is dierent. For this reason one
quarter overlap estimates are usually benhmarked ex-post on their annual
9
ounterpart. In the present paper, we do not ompare or expose the dierent
tehniques to do so: this is done for instane in [Eurostat, 2013℄.
3 A simulation exerise
To assess the properties of hain-linking, we perform a simulation exerise.
2
We simulate data sets for two elementary aounts whih we aggregate us-
ing the dierent onepts of volume. The parameters of the simulation are
alibrated to repliate standard elements of national aounts in developed
eonomies.
3
The data are simulated over a time period onsistent with Eu-
rostat's minimal request, that is sine 1995.
The simulations exemplify the following properties:
• the non additivity of hain-linked volumes
• how hain-linking an modify the trend of volume estimates ompared
to volumes at onstant pries of the referene year
• the dierenes between annual and one quarter overlap
• the ex-post benhmarking of one quarter overlap
Loss of additivity
The non-additivity assoiated with hain indies has been a major point of
ritiism [Shreyer, 2004℄. Either in annual or quarterly aounts, with any
onept of hain-linking, hain-linked volumes of 2 aggregates an not be
added.
To aggregate (or subtrat) 2 aounts, one must rst unhain them, i.e.
ompute the previous year's pries whih are additive before hain-linking
the aggregate.
4
When bluntly adding up two hain-linked volumes, one makes an error
whih we exemplify on Figure 1. In annual overlap, the error is null the
2
The orresponding R ode is available upon request.
3
The growth rates in volume and pries are equal to 2% in annual in the standard ase,
the standard deviation is quarterly is 0.5%.
4
A pratial advantage of the annual overlap over the one quarter overlap tehnique
is that sine the former are not benhmarked ex-post on their annual ounterpart, nal
users of the data an perform this operation themselves.
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Figure 1: Error made when adding up hain-linked volumes diretly
year after the referene year (2010). Indeed, this year hain-linked volumes
are equal to volumes at previous year's pries whih are additive (that year
the hain-linking fator in equation (1) is equal to one by denition of the
referene year). The variane of the error inreases away from that date.
A deade before (or after) the referene point, the error has roughly a 50%
hane to be larger than 0.01% in absolute terms. The same diagnosti
holds in one quarter overlap, although the error is not null the year after the
referene year.
Trend orretion of hain-linking
Beause the weights of the growth index of hain-linked volumes aount
for both hanges in pries and volumes, ompared to volumes at onstant
pries, hain-linked volumes an display sizeable trend dierenes. To better
exemplify this trend dierene, we simulate two aggregations:
• a symmetri one, where both of its omponents grow on average at a
0.5% quarterly rate in volume and pries,
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• an asymmetri one, where one omponent grows at 0.5% quarterly rate
in volume and pries and the other inreases faster in volume (+0.75%
quarterly rate) and dereases in pries (-0.25% quarterly rate).
This asymmetri aggregation mimis the ase of durables and new teh-
nologies aggregated with otherwise standard goods and servies, whih is a
harateristi example of the trend eet.
In level for the symmetri ase (Figure 2, top left and right), the eet
of hain-linking is entered around 0 with both methods but its variane
inreases away from the referene year. Roughly speaking, a deade away
from the referene year, hain-linked volumes have a 50% hane of being in
absolute terms 0.5% away from volumes at onstant pries, whether it is a
positive or negative disrepany. At the same time, the eet of hain-linking
on growth rates (Figure 3) has a 50% hane of being larger than 0.01% in ab-
solute term. It is noteworthy that our simulations are alibrated on standard
deviations observed on Frenh data. Other simulations with higher varianes
show that for energy, ommodities, or developing ountries the distribution
eets exposed throughout the present paper an be magnied more than
tenfold.
In the asymmetri ase the onsequene of hain-linking is also het-
eroskedasti, but there is an additional trend orretion. Chain-linked vol-
umes grow more rapidly than volumes at onstant pries before the referene
year and the opposite is true after this year. The median of this trend or-
retion is 0.5% a deade away from the referene year.
Comparison of annual and one quarter overlap
As expeted from the theory, the dierene between the two hain-linking
method in growth rate appears only on the rst quarters of every year (Fig-
ure 3, bottom left).
In level, this dierene between the two hain-linking methods are smaller
than the dierene between onstant pries and hained linked aggregates
(Figure 2, bottom left). This dierene derives from the dierene between
the hain-link fators of the two tehniques whih are umulated by the hain-
linking proess. Also, sine the annual overlap method is onsistent with the
annual hain-linking, this dierene, in annual terms, is equal to the benh-
marking residual whih an be eliminated ex-post to impose onsisteny with
12
annual aounts in the one quarter overlap ase.
Benhmarking the one quarter overlap
Benhmarking one quarter overlap has, with the method used here,
5
a lim-
ited eet on growth rates (Figure 3, bottom right).
It is however noteworthy that in level this ex-post benhmarking is a rst
order integrated orretion. As for the other eets we exemplify with our
simulations, the variane of the orretion inreases away from the referene
year (Figure 2, bottom right). On both ends of hain-linked volume time se-
ries, possible sizeable level orretion may ensue. In this ase the orretion
in level will neessarily modify the short term utuations either in delta or
in growth rates, magnifying or lessening them depending on the diretion of
the level orretion and the use of an additive or multipliative benhmark-
ing method. Beause they modify the homogeneity of the variane one may
extrat from the QNA, the hoie of one benhmarking tehnique or another
is not neutral for eonomi analysis, whether one wishes to analyse the busi-
ness yle, run statistial tests...
5
Benhamrking is based on additive Denton method [Denton, 1971℄.
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Figure 2: Comparison of volumes in levels
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Figure 3: Comparison of volumes in growth rates
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4 Chain-linking and seasonal or trading day
adjustment
With annual overlap, hain-linking and seasonal adjustment do not interat
if quarterly aounts are assumed to be benhmarked on their annual oun-
terpart (as reommended by international standards). Indeed, the hain-link
fator in annual overlap is based on annual estimates so is idential whether
it is omputed with raw or seasonally adjusted data (see eq (1)).
However, in equation (1) the question arises of using a trading day ad-
justed hain-link fator in addition to trading-day adjusted previous year's
pries quarterly estimates.
Using a trading day adjusted hain-link fator is rather intuitive and easy.
The hain-linked aggregate is then alulated as follows:
X
Ch,TDA
a,t (E) =
X
Pyp,TDA
a,t (E)
X
DefCh,TDA
a−1 (E)
,
with XTDA trading-day adjusted series.
Trading-day adjustment introdues only a small modiation of the hain-
link fator but due to hain-linking, it is umulated over the sample. This
umulated trading-day eet is not always sizeable. For example, with this
naive hain-linking, the trading-day eet on Frenh GDP was not entered
on zero in 2013 (last publiation with 2005 as the referene year), but there
is no visible problem after the update of the data in 2014 (rst publiation
with referene year 2010, see Figure 4). With this hain-linking method, the
update of trading-day adjustment models may result in a trend modiation,
while trading day adjustment should be a priori stationary. From one up-
date to another, trend modiations may be sizeable on dierent aggregates,
be either upwards or downwards and of dierent magnitudes.
To avoid these issues, an alternative way of hain-linking uses a raw hain-
link fator:
X
Ch,TDA
a,t (E) =
X
Pyp,TDA
a,t (E)
X
DefCh,R
a−1 (E)
,
with XR raw series. In this ase, the trading-day eet on hain-linked aggre-
gate remains stationary: it is only due to trading-day adjustment of volumes
at previous year's pries.
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Figure 4: Comparison of trading day eets on Frenh GDP, hain-linked
volumes, naive hain-linking
To illustrate further the onsequene of the hoie between raw and
trading-day adjusted hain-link fator, we perform a bootstrap exerise. The
trading-day eet on Frenh GDP at previous year's pries is estimated
through an OLSmodel, and the residuals of the estimation are bootstrapped.
6
This allows us to simulate a sample whih repliates the empirial uner-
tainty of trading day adjustment. These trading-day adjusted series are used
to alulate two samples of hain-linked aggregates: the rst one using a
trading-day adjusted hain-linking fator (naive hain-linking), and the se-
ond one using a raw fator (orret hain-linking). Then, the distributions
of the trading-day eets on hain-linked aggregate an be plotted (Figure 5).
For the intuitive hain-linking, the variane of the trading-day eet in-
reases away from the referene year, whereas with the alternative hain-
linking, the trading-day eet is learly stationary. A rst advantage of the
method based on a raw hain-link fator is that it an not introdue an un-
desirable drift in the trading day adjusted data. In addition, bootstrapping
shows that naive hain-linking inreases the unertainty of the estimates. It
does so by introduing a rst order integrated orretion in level. Compared
6
The trading day eet is omputed from trading-day and non trading day adjusted
GDP and regressed on the alendar. The residuals (that is, 408 points from January 1980
to Deember 2013) are bootstrapped, and then aggregated in yearly series. In eah ase,
a sample of 1000 simulations is reated.
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Figure 5: Simulated trading day eet on Frenh GDP, hain-linked volumes
to the similar eet observed between the annual and one quarter overlap
tehniques, this orretion is however muh larger (tenfold) and alteration
of the statistial properties of the series will be problemati if this undesired
eet is orreted through benhmarking.
By onstrution of the hain-link fator, the one quarter overlap teh-
nique umulates the two issues of trading-day and seasonal adjustment in
the denition of the hain-link fator (see eq (2)).
First, the issue of trading-day adjustment is the same as in the annual
overlap: the unertainty of adjustment is amplied by hain-linking if a
trading-day adjusted hain-link fator is used.
Seond, a similar issue is added by seasonal adjustment, beause the
hain-link fator is quarterly and not annual. For statistial reasons, it seems
better to use a non seasonally-adjusted fator, in order not to amplify the
adjustment unertainty and the alteration of the initial statistial proper-
ties. On the other hand, a raw fator may be based on a weighting struture
whih is not representative of the eonomy and aet the trend of the series
(espeially if seasonality is hanging). None of the two options is fully satis-
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fying: in both ases, the benhmarking on annual series is a trend orretion
whih may modify the variane of quarterly utuations, with onsequenes
for data users.
5 Computing additive ontributions to growth
We illustrated on the simulations that hain-linked volumes are not additive.
It follows that aounting equalities are not veried in hain-linked volumes
whih an ause some diulties in aggregating, balaning... and most im-
portantly for users. Moreover, hain-linking misbehaves for aggregates whih
hange signs or are temporarily equal to zero. Hene, hanges in inventories
or trade balane are usually not hain-linked. To overome these diul-
ties, it is possible to ompute aurately ontribution to the growth rate of
a larger aggregate.
5.1 Annual
As we noted earlier (subsetion 2.1), in hain-linked volumes ponderations
are based upon urrent pries where they are based upon volumes at on-
stant pries for this other onept of volumes. This property shows in the
omputation of ontributions to growth.
Let ev() denote the growth rate operator. For additive onepts (e.g.
values and volumes at onstant pries) the ontribution of the omponent i
to the aggregate E an be omputed easily:
Contrib
V al
a (i, E) =
XV ala−1(i)
XV ala−1(E)
ev(XV ala (i)) = ω
V al
a−1(i, E)ev(X
V al
a (i))
For additive onepts, the ontribution to growth is the omponent's growth
rate times its weight in the aggregate in the same additive onept at the
previous period.
For hain-linked aggregates, ontributions to growth are slightly more
omplex. The growth rate of a hained-linked aggregate an be written as
follows:
ev(XCha (E)) =
XV ola (E)
XV ala−1(E)
− 1 =
∑
i∈E
XV ola (i)−X
V al
a−1(i)∑
i∈E X
V al
a−1(i)
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Hene the ontribution of i to the evolution of E in annual in hain-linked
volumes an be dened as
C˜ontrib
Ch
a (i, E) =
XV ala−1(i)
XV ala−1(E)
(
XPypa (i)
XV ala−1(i)
− 1
)
= ωV ala−1(i, E) ev(X
Ch
a (i)) (4)
= ContribCha (i, E)
+ContribCha (i, E)
(
X
DefCh
a−1 (i)
X
DefCh
a−1 (E)
− 1
)
(5)
As said, ponderations are in values, not in volumes (see equation (4)). Con-
tributions an also be omputed by applying a orretion to the additive
formula whih orresponds to the omponent's prie relative drift (see equa-
tion (5)).
5.2 With annual overlap
5.2.1 For quarters 2 to 4 in annual overlap XCh
Within a year (t 6= 1), the growth rate of hain-linked volumes equals that of
previous year's pries volumes. In addition, previous year's pries volumes
are additive, so one an easily ompute the ontributions in hain-linked
volumes as those at previous year's pries volumes:
C˜ontrib
Ch
a,t (i, E) = Contrib
Pyp
a,t (i, E) =
X
Pyp
a,t (i)−X
Pyp
a,t−1(i)
X
Pyp
a,t−1(E)
These ontributions an be written in terms of hain-linked volumes using
equation (1):
XV ola,t = X
Ch
a,t ∗X
DefCh
a−1 =⇒
C˜ontrib
Ch
a,t (i, E) =
XCha,t (i)X
DefCh
a−1 (i)−X
Ch
a,t−1(i)X
DefCh
a−1 (i)
XCha,t−1(E)X
DefCh
a−1 (E)
=
X
DefCh
a−1 (i)
X
DefCh
a−1 (E)
XCha,t (i)−X
Ch
a,t−1(i)
XCha,t−1(E)
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We an then write
C˜ontrib
Ch
a,t (i, E) = Contrib
Ch
a,t (i, E)
+ContribCha,t (i, E)
(
X
DefCh
a−1 (i)
X
DefCh
a−1 (E)
− 1
)
(6)
In this expression similar to the annual ase, the rst term is the ontribution
in the additive ase, the seond term a orretion for non-additivity. This
orretion will be sizeable only for omponents for whih pries departs from
those of the aggregate.
5.2.2 For the rst quarter in annual overlap (XCh)
If t = 1 the hange in pries between the two periods modies the omputa-
tion made above.
ev(XCha,1 (E)) =
XCha,1 (E)−X
Ch
a−1,4(E)
XCha−1,4(E)
=
X
Pyp
a,1 (E)
X
DefCh
a−1 (E)
−
X
Pyp
a−1,4(E)
X
DefCh
a−2 (E)
XCha−1,4(E)
=
∑
i∈E X
Pyp
a,1 (i)
X
DefCh
a−1 (E)
−
∑
i∈E X
Pyp
a−1,4(i)
X
DefCh
a−2 (E)
XCha−1,4(E)
One an then ompute the ontribution as
C˜ontrib
Ch
a,1(i, E) =
X
Pyp
a,1 (i)
X
DefCh
a−1 (E)
−
X
Pyp
a−1,4(i)
X
DefCh
a−2 (E)
XCha−1,4(E)
=
XCha,1 (i)
X
DefCh
a−1 (i)
X
DefCh
a−1 (E)
−XCha−1,4(i)
X
DefCh
a−2 (i)
X
DefCh
a−2 (E)
XCha−1,4(E)
=
X
DefCh
a−1 (i)
X
DefCh
a−1 (E)
XCha,1 (i)−X
Ch
a−1,4(i)
XCha−1,4(E)
+
XCha−1,4(i)
XCha−1,4(E)
(
X
DefCh
a−1 (i)
X
DefCh
a−1 (E)
−
X
DefCh
a−2 (i)
X
DefCh
a−2 (E)
)
The rst term is the same ontribution as in quarters 2 to 4, the seond
term is a orretion for the hange in relative pries aross the years. This
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additional term an have a marked impat every rst quarter and even in
extreme ases modify the sign of the ontribution [Arnaud, 2007℄.
One an orret this undesired eet neutrally over the aggregate with a
simple subtration:
XCha−1,4(i)
XCha−1,4(E)
(
X
DefCh
a−1 (i)
X
DefCh
a−1 (E)
−
X
DefCh
a−2 (i)
X
DefCh
a−2 (E)
)
beomes
(
XCha−1,4(i)
XCha−1,4(E)
−
XCha−1(i)
XCha−1(E)
)(
X
DefCh
a−1 (i)
X
DefCh
a−1 (E)
−
X
DefCh
a−2 (i)
X
DefCh
a−2 (E)
)
Sine XV ala−1 = X
Ch
a−1X
DefCh
a−1 and X
Pyp
a−1 = X
Ch
a−1X
DefCh
a−2 this new term is
the dierential of ponderation of i in E in values and previous year's pries
volumes (ωV ala−1(i, E) − ω
Pyp
a−1(i, E)), whih sums to zero over the aggregate.
Hene, this tehnique minimizes the over-the-year eets on ontributions
as
XCha−1,4(i)
XCha−1,4(E)
−
XCha−1(i)
XCha−1(E)
beomes a seond order orretion. In addition, these
ontributions are additive without any approximation.
5.3 General formula for ontributions in hain-linked
volumes
With annual overlap
All in all, the ontribution of i to the growth of E in annual overlap hain-
linked volumes is:
C˜ontrib
Ch
a,t (i, E) =
Contrib
Ch
a,t (i, E)
+ContribCha,t (i, E)
(
X
DefCh
a−1 (i)
X
DefCh
a−1 (E)
− 1
)
+δt=1
(
XCha−1,4(i)
XCha−1,4(E)
−
XCha−1(i)
XCha−1(E)
)(
X
DefCh
a−1 (i)
X
DefCh
a−1 (E)
−
X
DefCh
a−2 (i)
X
DefCh
a−2 (E)
) (7)
with δt=1 a dummy for the rst quarters.
In line with setion 4, we point out that annual aounts in this formula
stem from the annual hain-link fator, hene if this fator is not trading
day adjusted, non-trading day adjusted deators and annual hain-linked
volumes must be used in this equation.
The distributions of the three terms from equation(7) are displayed on
Figure 6 for symmetri simulations. The rst term is the main omponent of
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Figure 6: Three omponents of ontribution to quarterly growth rate in
annual overlap for symmetri simulations
the ontribution and is on average one half of a 2% annual growth rate (0.25%
quarterly ontribution). The seond term orrespond to a trend disrepany
in deators whih resembles hain-linking eet depited earlier. For this
symmetri simulation it is very small sine the pries of both omponents
grow at the same rate on average. The third term before orretion, though
it is small on average, has a very large variane (omparable with the average
value of the main omponent) but an be redued more than a hundred fold
by the orretion proposed in this paper. However, ontributions exatly
amount to the growth rate of the aggregate with and without this orretion.
Equation (7) an be adapted to ompute ontributions to over the year
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growth rates:
C˜ontrib
Ch,yoy
a,t (i, E) =
XCha,t (i)−X
Ch
a−1,t(i)
XCha−1,t(E)
+
XCha,t (i)−X
Ch
a−1,t(i)
XCha−1,t(E)
(
X
DefCh
a−1 (i)
X
DefCh
a−1 (E)
− 1
)
+
(
XCha−1,t(i)
XCha−1,t(E)
−
XCha−1(i)
XCha−1(E)
)(
X
DefCh
a−1 (i)
X
DefCh
a−1 (E)
−
X
DefCh
a−2 (i)
X
DefCh
a−2 (E)
) (8)
The same preaution as for equation (7) applies on the use of non trading-
day adjusted hain-link fator.
With one quarter overlap
All the omputations made for annual overlap estimates apply to the one
quarter overlap estimates, with one exeption, the addition of a term to the
rst quarter orretion whih is neutral over the aggregate. So muh so that
the ontribution of i to the growth of E in one quarter overlap hain-linked
volumes an be written:
C˜ontrib
Ch
a,t (i, E) =
Contrib
Ch
a,t (i, E)
+ContribCha,t (i, E)
(
X˜
DefCh
a−1 (i)
X˜
DefCh
a−1 (E)
− 1
)
+δt=1
X˜Cha−1,4(i)
X˜Cha−1,4(E)
(
X˜
DefCh
a−1 (i)
X˜
DefCh
a−1 (E)
−
X˜
DefCh
a−2 (i)
X˜
DefCh
a−2 (E)
) (9)
with δt=1 a dummy for the rst quarters. The three terms of ontributions
omputed on one quarter overlap, benhmarked on their annual ounterparts
or not, have very similar distributions to the annual overlap ase (Figures 7
and 8). In partiular, the third term has a large variane ompared to the
rst term. Hene, the orretion of the third term seems mandatory to have
interpretable ontributions on the rst quarters of eah year. Contributions
in one quarter overlap no longer add up to the growth rate of the aggregate.
Figure 9 displays the disrepany between the sum of the ontributions
and the growth rate of the aggregate in one quarter overlap, with and with-
out the orretion to the third term and with benhmarked and non benh-
marked one quarter overlap aggregates. Contributions given by equation (9)
are additive prior to benhmarking one quarter overlap estimates on annual
hain-linked aggregates (Figure 9, top left). However, the neessary orre-
tion to the third term of the ontribution formula makes ontributions no
24
1995 2000 2005 2010 2015
−0.2
0.0
0.2
0.4
Contibution term 1
10%
20%
30%
40%
50%
60%
70%
80%
90%
1995 2000 2005 2010 2015
−0.005
0.000
0.005
Contribution term 2
10%
20%
30%
40%50%
60%
70%
80%
90%
2000 2005 2010 2015
−0.4
−0.2
0.0
0.2
0.4
Contribution term 3
10%23456789
2000 2005 2010 2015
−0.0015
−0.0010
−0.0005
0.0000
0.0005
0.0010
Contribution term 3 corr.
10%23456789
Figure 7: Three omponents of ontribution to growth in one quarter overlap
for symmetri simulations
longer additive (Figure 9, top left). When benhmarking one quarter over-
lap on annual hained linked volumes, beause of the benhmarking residual,
formula (9) is only an approximation (Figure 9, bottom left). However, the
orretion to the third term limits the size of this approximation (Figure 9,
bottom right). Hene even for one quarter overlap, ontributions are better
omputed with equation 7.
5.4 Comparison with an approximative formula
A ommon approximation for equation (7) and (9) is to apply the annual
formula (4) on quarterly data:
˜
Contrib
Ch
a,t (i, E) = ω
V al
a,t−1(i, E) ev(X
Ch
a,t (i)) (10)
Figure 10 depits the dierene between the approximative formula (10)
and the exat formula (7) on symmetri simulations. For the annual over-
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Figure 8: Three omponents of ontribution to growth in one quarter overlap
after benhmarking for symmetri simulations
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Figure 9: Residuals in 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 simulations
27
2000 2005 2010 2015
−0.004
−0.002
0.000
0.002
0.004
Annual Overlap
10%
20%
30%
40%
50%
60%
70%
80%
90%
2000 2005 2010 2015
−0.004
−0.002
0.000
0.002
0.004
One Quarter Overlap
10%
20%
30%
40%
50%
60%
70%
80%
90%
2000 2005 2010 2015
−0.004
−0.002
0.000
0.002
0.004
One Q. Benchmarked
10%
20%
30%
40%
50%
60%
70%
80%
90%
Figure 10: Comparison of approximation (10) with (7) for the omputation
of ontribution to growth (in %)
lap and the one quarter overlap method, whether it is benhmarked or not,
the approximation is quite good: the dierene between the two methods
is smaller than 0.002% for a ontribution of 0.25% in quarterly growth rate.
Hene, sine formula (7) is only an approximation for the one quarter overlap
ase, this simpler method may be preferred. In addition to being simpler,
this formula has onvenient deomposition properties [Berthier, 2002℄.
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Conlusion
With respet to one quarter overlap, the annual overlap method has the well-
known advantage of naturally adding up to annual hained-linked estimates
and the drawbak of not orreting for a weight eet in the rst quarters
growth rates. We show in this paper it has two additional advantages.
First, the alulation of trading-day and seasonally adjusted series is eas-
ier with annual overlap. With both hain-linking methods, the trading-day
adjustment of the hain-link fator may aet the series trend, but this issue
an easily be solved by using a non adjusted hain-link fator. However, the
issue of the hain-link fator seasonal adjustment, whih onerns only the
one quarter overlap method, is more diult to solve. Indeed, using either a
seasonally-adjusted or a raw fator is unsatisfatory, the former raises issues
of revisability and preision and the trend and yle of the series may be
altered while the latter uses weights inuened by Christmas, winter tem-
peratures...
Seond, it is possible in annual overlap to ompute perfetly additive
ontributions to growth. Our experiene is that these ontributions are eo-
nomially relevant and the additivity enables to preisely omment the on-
tribution of hanges in inventories or trade balane to GDP for instane.
This property is partiularly useful for the dissemination of Quarterly Na-
tional Aounts.
With one quarter overlap, alulation of ontributions is plagued with
more problems: exatly additive ontributions an be omputed but their
interpretation on rst quarters is doubtful. In this ase, the formula pro-
posed for annual overlap (Equation (7)) may be preferred but a simpler
approximation may also be onsidered. Additivity is then lost even though
this error is empirially small in the present simulations (generally of the or-
der of magnitude of a rst deimal rounding error on quarterly growth rates).
We an summarize the omparative advantages of the two methods in
Table 1. The new properties exposed in this paper tend to tip the sales in
favour of the annual overlap method, even though the relative importane of
these properties remain a matter of judgement. In partiular, we pointed out
that benhmarking one quarter overlap hain-linked aount on their annual
ounterpart, though it is neessary for pratial reasons, should be onsid-
ered with are: espeially when trading-day or seasonal adjustment omes
into play, this operation may substantially alter the statistial properties of
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Property Annual overlap One quarter overlap
Additive quarter N N
Additive omponents ▽ ▽
Consisteny with annual N ▽
Corretion of weight eet in Q1 ▽ N
Neutrality of TD-SA N ▽
Additive ontributions to growth N ▽
Table 1: Comparative advantages of the one quarter and annual overlap
method
the data.
We have only onsidered Laspeyres type indexes here as only the United
States and Canada use the alternative Fisher indexes. However as they use
the one quarter overlap tehnique for hain-linking the same issues as the ones
pointed out here should apply: exatly additive ontributions to growth an
not be omputed and hain-linking shall interat with seasonal and trading
day adjustment, inreasing revisability and the alteration of the statistial
properties of the data through benhmarking. A thorough demonstration is
left for future researh.
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Appendix
Country Ref year and volume onept Chain-linking method
OECD Member Eonomies
Australia 2011-12 Chained Vol. Est. Quarter overlap
Austria 2010 Chained Vol. Est. Annual overlap
Belgium 2011 Chained Vol. Est. Annual overlap
Canada 2007 Chained Vol. Est. Quarter overlap
Chile 2008 Chained Vol. Est. Annual overlap
Czeh Republi 2010 Chained Vol. Est. Annual overlap
Denmark 2010 Chained Vol. Est. Annual overlap
Estonia 2010 Chained Vol. Est. Annual overlap
Finland 2000 Chained Vol. Est. Annual overlap
Frane 2010 Chained Vol. Est. Annual overlap
Germany 2010 Chained Vol. Est. Annual overlap
Greee 2005 Chained Vol. Est. Indiret method
Hungary 2005 Chained Vol. Est. Annual overlap
Ieland 2005 Chained Vol. Est. Annual overlap
Ireland 2012 Chained Vol. Est. Annual overlap
Israel 2010 Chained Vol. Est.
Italy 2010 Chained Vol. Est. Annual overlap
Japan 2005 Chained Vol. Est. Quarter overlap
Korea 2010 Chained Vol. Est. Annual overlap
Luxembourg 2005 Chained Vol. Est. Annual overlap
Mexio 2008 Fixed Ct.Pr. -
Netherlands 2010 Chained Vol. Est. Over the year (original values)
Annual overlap (seas. adj. values)
New Zealand 1995-96 Chained Vol. Est. Annual overlap
Norway 2011 Chained Vol. Est. Annual overlap
Poland 2005 Chained Vol. Est. Annual overlap
Portugal 2011 Chained Vol. Est. Indiret method
Slovak Republi 2005 Chained Vol. Est. Annual overlap
Slovenia 2000 Chained Vol. Est. Annual overlap
Spain 2008 Chained Vol. Est. Annual overlap
Sweden 2013 Chained Vol. Est. Annual overlap
Switzerland 2005 Chained Vol. Est. Annual overlap
Turkey 1998 Chained Vol. Est. Indiret method
United Kingdom 2010 Chained Vol. Est. Quarter overlap
United States 2009 Chained Vol. Est. Quarter overlap
Non-OECD Member Eonomies
Brazil 1995 Chained Vol. Est. Annual overlap
Latvia 2010 Chained Vol. Est. Annual overlap
Russian Federation 2004 Chained Vol. Est. Annual overlap
Argentina 2004 Fixed Ct.Pr. -
India 2004-05 Fixed Ct.Pr. -
Indonesia 2005 Fixed Ct.Pr. -
South Afria 2005 Fixed Ct.Pr. -
Table 2: Conept of volumes and hain-linking methods in use in OECD and
non-OECD ountries
Soure: OECD
http://stats.oed.org/wbos/leview2.aspx?IDFile=479ed3-28e-4b04-bf6b-a6903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